This randomized, controlled trial assessed the efficacy of transarterial Lipiodol (Lipiodol Ultrafluide, Laboratoire Guerbet, Aulnay-Sous-Bois, France) chemoembolization in patients with unresectable hepatocellular carcinoma. From March 1996 to October 1997, 80 out of 279 Asian patients with newly diagnosed unresectable hepatocellular carcinoma fulfilled the entry criteria and randomly were assigned to treatment with chemoembolization using a variable dose of an emulsion of cisplatin in Lipiodol and gelatin-sponge particles injected through the hepatic artery (chemoembolization group, 40 patients) or symptomatic treatment (control group, 40 patients). One patient assigned to the control group secondarily was excluded because of unrecognized systemic metastasis. Chemoembolization was repeated every 2 to 3 months unless there was evidence of contraindications or progressive disease. Survival was the main end point. The chemoembolization group received a total of 192 courses of chemoembolization with a median of 4.5 (range, 1-15) courses per patient. Chemoembolization resulted in a marked tumor response, and the actuarial survival was significantly better in the chemoembolization group (1 year, 57%; 2 years, 31%; 3 years, 26%) than in the control group (1 year, 32%; 2 years, 11%; 3 years, 3%; P ‫؍‬ .002). When adjustments for baseline variables that were prognostic on univariate analysis were made with a multivariate Cox model, the survival benefit of chemoembolization remained significant (relative risk of death, 0.49; 95% CI, 0.29-0.81; P ‫؍‬ .006). Although death from liver failure was more frequent in patients who received chemoembolization, the liver functions of the survivors were not significantly different. In conclusion, in Asian patients with unresectable hepatocellular carcinoma, transarterial Lipiodol chemoembolization significantly improves survival and is an effective form of treatment.
H epatocellular carcinoma is one of the most common cancers worldwide, and the largest concentration of cases is in Asia. 1 The prognosis is poor because curative resection with partial hepatectomy or liver transplantation is applicable to only a small proportion of patients. 2, 3 For patients with unresectable disease, the goal of palliative treatment is to prolong survival and to control symptoms. Transarterial Lipiodol (iodized oil) (Lipiodol Ultrafluide, Laboratoire Guerbet, AulnaySous-Bois, France) chemoembolization 4 combines the effect of targeted chemotherapy 5, 6 with that of ischemic necrosis induced by arterial embolization. [7] [8] [9] Its efficacy in reducing tumor growth and in prolonging survival has been suggested in nonrandomized studies. [10] [11] [12] [13] [14] [15] [16] However, 3 randomized, controlled trials [17] [18] [19] from Europe and Africa using different regimens of antitumor agents have failed to show any significant benefit in survival when comparing patients treated with chemoembolization to untreated controls. These studies included non-Asian patients, and in the 2 trials from France, 3 quarters of the patients had alcoholic liver disease. There are ethnic differences in the behavior of hepatocellular carcinoma, 20 and the validity of the results of these trials may not be applicable to Asian patients whose liver disease most commonly is related to chronic hepatitis B virus infection. 1, 21 In addition, the efficacy and adverse effects of the treatment may be related to the regimen and technique of chemoembolization. Hence, we conducted a randomized controlled trial to evaluate the regimen of transarterial Lipiodol chemoembolization in patients with unresectable hepatocellular carcinoma at our center.
Patients and Methods

Selection of Patients.
Consecutive new patients with diagnoses of unresectable hepatocellular carcinoma that were based on histology, cytology, or persistently elevated serum ␣-fetoprotein levels (Ͼ 400 ng/mL) with typical imaging findings were considered for entry into this single-center, open-label, randomized trial. Patients were not included if they refused to participate or had 1 or more of the following criteria: poor hepatic function (presence of hepatic encephalopathy, ascites not controlled by diuretics, history of variceal bleeding within last three months, a serum total bilirubin level over 50 mol/L, a serum albumin level below 28 g/L, or a prothrombin time of more than 4 seconds over the control); serum creatinine level of over 180 mol/L; history of previous treatment for the tumor or acute tumor rupture; presence of extrahepatic metastasis or vascular contraindications to chemoembolization (hepatic artery thrombosis, main portal vein thrombosis or arteriovenous shunting); or poor performance status (Eastern Cooperative Oncology Group performance status rating 22 grade 4).
Randomization. Randomization to either treatment with chemoembolization (chemoembolization group) or symptomatic treatment (control group) was performed without stratification by drawing consecutively numbered sealed envelopes. The protocol was approved by the ethics committee of the Faculty of Medicine of the University of Hong Kong, and informed consent was obtained from each patient.
Treatment Procedure. The control group received only treatment for symptoms and complications. Patients in the chemoembolization group underwent transarterial Lipiodol chemoembolization after a standard protocol. They were fasted overnight with intravenous fluid infusion for hydration. Intravenous amoxicillin-clavulanic acid (1.2 g), mannitol (20 g), and tropisetron (5 mg) were given before the procedure. The femoral artery was catheterized under local anaesthesia. Hepatic arteriography and superior mesenteric arterial portovenography were performed to define the size and locations of tumor nodules and to exclude occlusion of the main portal vein. The right or left hepatic artery feeding the tumor was superselectively catheterized. Using the pumping method, 4 an emulsion was prepared by mixing cisplatin (1 mg/mL) with Lipiodol in a volume ratio of 1 to 1. Various amounts of the emulsion, up to a maximum of 60 mL (containing 30 mg of cisplatin) were injected slowly under fluoroscopic monitoring according to the size of the tumor and the arterial blood flow. The aim was to deliver a sufficient amount of the emulsion to the tumorous areas without retrograde flow. If the tumor involved both lobes of the liver or if superselective catheterization was not possible, the emulsion was injected into the proper hepatic artery distal to the origin of the gastroduodenal artery. This was followed by embolization with small gelatin-sponge (Spongostan; Ferrosan, Johnson & Johnson Medical Ltd., Skipton, England) pellets of 1 mm diameter mixed with 40 mg of gentamicin. After the procedure, oral amoxicillin-clavulanic acid (375 mg 3 times per day) and sucralfate (500 mg 4 times per day) were administered for 3 days. Discharge from the hospital was decided according to the clinical state. Chemoembolization was repeated every 2 to 3 months and would be withheld or discontinued whenever vascular contraindications, poor hepatic function (defined in section on selection of patients), severe adverse effects, or progressive disease developed.
Assessment of Outcome. The primary outcome measure was survival calculated from the date of randomization. Secondary outcome measures included the tumor response, patient tolerance, and liver function. The patients were followed up monthly at the outpatient clinic. Adverse effects that developed within 2 weeks after each session of chemoembolization were recorded. Follow-up assessments, including serum biochemistry, serum ␣-fetoprotein level, indocyanine green retention test, 23 and computed tomography scan were repeated every 3 months. Tumor response was assessed on the basis of computed tomographic measurement of tumor size (determined as the product of the 2 largest diameters) and serum ␣-fetoprotein. Complete response was defined as complete disappearance of tumor on imaging or normalization of serum ␣-fetoprotein. Response was considered to be major if tumor size or serum ␣-fetoprotein decreased by more than 50% of the baseline measurement and minor if the reduction was 50% or less but more than 25%. Stabilization corresponded to variations Ϯ25% of the initial value and progression to an increase of more than 25%. Objective response was defined as the sum of complete and major responses. Follow-up was continued through October 30, 2000.
Statistical Analysis. The 2-year survival rate of the control group was estimated at 10% according to the published data on the natural course of Asian patients with untreated Okuda stage I and II hepatocellular carcinoma. 24 Based on our previous case series, 13 reporting a 38% 2-year survival in patients treated with the present regimen of chemoembolization, 40 patients were needed in each group to have a level of statistical significance of 5% and a power of 80%.
Comparison between groups was made on an intention-to-treat basis. Continuous variables were expressed as median (interquartile range) and compared using the Mann-Whitney U test. Categorical variables were compared with the 2 test or Fisher's exact test. Spearman's correlation coefficient and linear regression were used to express the relationship between the dosage of cisplatinLipiodol emulsion and tumor size. Univariate analysis for 13 baseline variables to identify predictors of survival was performed by estimating survival rate according to the Kaplan-Meier method 25 and comparing with the use of the log-rank test. For continuous variables, the cutoff was set at the median value. In addition, a univariate Cox proportional hazards model was fit individually for each continuous variable. The survival curves of the treatment and control groups were then compared with stratification according to each statistically significant prognostic factor. Finally, all the significant prognostic factors identified from univariate analysis were put into a Cox proportional hazards model 26 for multivariate analysis. Statistical analysis was performed with the SPSS (SPSS Inc., Chicago, IL) computer software program.
Results
From March 1996 to October 1997, we evaluated 387 Asian patients with newly diagnosed hepatocellular carcinoma. A total of 108 patients underwent surgery (partial hepatectomy, 104; cryotherapy, 4) and 199 of 279 patients (71.3%) with disease not amenable to surgery were not included in the study because of vascular contraindictions (53 patients), extrahepatic metastasis (26 patients), poor hepatic function (39 patients), refusal by patients (32 patients), previous treatment for the tumor (24 patients) or acute tumor rupture (8 patients), poor performance status (11 patients), indication for percutaneous intralesional ethanol injection (2 patients), and others (4 patients). The remaining 80 patients were allocated randomly to the chemoembolization group (40 patients) or the control group (40 patients). One patient assigned to the control group was excluded secondarily because of unrecognized pulmonary and bone metastases on computed tomography scan taken before randomization. He received conservative treatment and survived for 3 months. Thus, the data consisted of observations in 79 patients. Sixty-three patients (80%) had positive serology test results for hepatitis B surface antigen. Thirty-seven patients (47%) had Okuda stage I disease, and 42 (53%) had stage II disease. The 2 groups were well balanced in regard to the baseline characteristics (Table 1 ).
Chemoembolization Treatment. Forty patients assigned to the chemoembolization group received a total of 192 courses of chemoembolization, with each patient receiving a median of 4.5 courses (range, 1-15). Two patients were scheduled for continuation of chemoembolization as of the date of the latest follow-up. The remaining 38 patients had treatment stopped because of progressive disease (12 patients), death (7 patients), poor liver function (6 patients), adverse effects (6 patients), patient refusal (3 patients), arteriovenous shunting (2 patients), and hepatic artery thrombosis (2 patients).
Ninety-four courses (49%) of the chemoembolization were performed by selective injection into the right or left hepatic artery. The median volume of cisplatin-Lipiodol emulsion injected in 1 course was 20 mL (range, 2-60), and the dosage was significantly related to the tumor size (r ϭ 0.70; P Ͻ .001) (Fig. 1) . The most common clinical adverse effect was a self-limiting syndrome consisting of fever, abdominal pain, and vomiting ( Table 2 ). The median hospital stay for each course of treatment was 2 days (range, 1-21).
Overall Survival. Two patients, 1 in each group, were lost and could not be contacted after a follow-up of 4 months and 9 months. These were treated as censored observations. At the time of the final analysis, 31 patients of the chemoembolization group and 37 patients of the control group had died. The causes of death were tumor progression (20 in chemoembolization group and 34 in control group); hepatic failure (5 in chemoembolization group and 1 in control group); gastrointestinal bleeding (4 in chemoembolization group); sepsis (2 in control group); and rupture of tumor (2 in chemoembolization group). The actuarial survival was significantly better in the chemoembolization group than in the control group (Fig. 2) . The estimated 1-year, 2-year, and 3-year survival rates were 57%, 31%, and 26% for the chemoembolization group and 32%, 11%, and 3% for the control group (relative risk of death in the chemoembolization group was 0.50; 95% CI, 0. 
Secondary End Points.
Tumor response on computed tomography could be determined in 46 patients (28 in the chemoembolization group and 18 in the control group) who survived more than 3 months and had a measurable tumor on computed tomographic scan. In the chemoembolization group, there was no complete response, 11 major responses, 6 minor responses, 7 stabilizations, and 4 progressions. In the control group, there was no complete response, 1 major response, 2 minor responses, 6 stabilizations, and 9 progressions. The rate of objective tumor response in measurable patients was significantly higher in the chemoembolization group than in the control group (39% vs. 6 %; P ϭ .014).
␣-Fetoprotein response could be assessed in 50 patients (29 in the chemoembolization group and 21 in the control group) who had a baseline serum ␣-fetoprotein level Ͼ20 ng/mL and survived more than 3 months. In the chemoembolization group, there were 9 complete responses, 12 major responses, no minor response, 1 stabilization and 7 progressions. In the control group, there was no complete response, 2 major responses, no minor response, 1 stabilization and 18 progressions. The rate of objective response was significantly higher in the chemoembolization group than in the control group (72% vs. 10%; P Ͻ .001). Extrahepatic metastasis was found in 11 patients in the chemoembolization group and 5 patients in the control group (P ϭ .105).
Apart from a lower serum bilirubin level in the chemoembolization group at 3 months (P ϭ .038), there was no significant difference in the liver function of the survivors of the 2 groups, as assessed by serum bilirubin level, serum albumin level, and indocyanine green retention rate (Table 5). Excluding the scheduled hospital admissions for chemoembolization, the median number of admissions for adverse events was 1 (range, 0-8) in both the chemoembolization group and the control group for a cumulative median of 13 days (range, 0-215) and 13 days (range, 0-96), respectively (P ϭ .31).
Discussion
Hepatocellular carcinoma is a common form of malignancy in Asia. In some Western countries, a high incidence rate frequently is seen among Asian immigrants as well. 1 The causal factors in Asian patients are distinctly different from those in western patients, and chronic hepatitis B infection is the most common etiology. The treatment for hepatocellular carcinoma remains difficult because of the advanced tumor stage at diagnosis and the associated cirrhosis. No single available therapy is applicable to all patients and the treatment should be catered according to the clinical state of the individual patient. Hepatic resection offers a chance of cure for a minor proportion of patients with early tumor and preserved liver functions. Because of the shortage of organ donors, the role of liver transplantation remains limited. The majority of the patients with unresectable hepatocellular carcinoma are treated by various palliative therapies. In considering treatment for these patients with variable tumor stages and liver reserve, it is important to select those who may potentially benefit from the procedure. In the present study, advanced tumor with extrahepatic metastases or portal vein thrombosis (the most common vascular contraindication) and poor hepatic function were the 2 main reasons for exclusion because these patients would definitely not benefit from the study treatment. Hence, less than 30% of the patients with disease not amenable to surgery could be included, and our results showed that transarterial Lipiodol chemoembolization with the present regimen induced a marked tumor response and significantly prolonged the survival of this selected group of Asian patients with unresectable hepatocellular carcinoma and preserved liver functions. By adjusting for baseline prognostic factors in a Cox model, treatment with chemoembolization remained a significant independent factor that reduced the hazard of death by half.
The differences in patient population and methodology account for the differences between the positive result of our trial as compared with the absence of survival benefit reported in previous randomized controlled trials. [17] [18] [19] One trial from South Africa 18 mostly included black or mixed-race patients with advanced tumors, and the conclusion would not be valid for other patients. The other 2 randomized trials from France 17, 19 included European patients, mainly with alcohol-induced liver disease. Despite obvious evidence of tumor response in both trials, the survival benefit might have been offset by the adverse effects of chemoembolization because of the poor tolerance of patients with alcoholic cirrhosis to this form of treatment. 19 In addition, there are ethnic differences in the behavior of hepatocellular carcinoma 20 and the natural history of untreated disease in European patients 27, 28 is much better than that of Asians. 24 It has been shown that untreated patients who had positive results for hepatitis B surface antigen had a worse prognosis. 28 Our study included Asian patients with mostly hepatitis B-related hepatocellular carcinoma of Okuda stage I or II. The 2-year survival rate of 11% in our control group was comparable with our estimation based on the published data in Asian patients 24 and was lower than the 26% 2-year survival rate of untreated patients as reported in the French multicenter trial. 19 The technique and regimen of chemoembolization also affect the outcome of treatment. In our study, we used cisplatin-Lipiodol emulsion and gelatin sponge particles. This is the most generally accepted method for chemoembolization. However, our technique and regimen differed from those of the previous trials in several ways. First, to maximize the efficacy and to minimize toxicity, chemoembolization was given by selective injection into the feeding artery in nearly half of our cases. Second, we used a lower dosage of cisplatin in our trial (median of 10 mg) compared with that of the French multicenter trial 19 (fixed dosage of 70 mg), and this may account for the patients' better tolerance of treatment. Third, in contrast to the fixed dosage of antitumor agent that was used in the other studies, [17] [18] [19] we used a variable dosage of cisplatin-Lipiodol emulsion that was based on the tumor size. 11, 13, 14 As chemoembolization is a form of targeted therapy, the amount of drug required should be tailored according to the size of the target to minimize the adverse effects caused by the excessive amount of drug delivered to the normal liver tissue. Finally, we did not set any limit to the number of treatment courses in our trial. Provided the patient tolerated the procedure and the tumor continued to respond, chemoembolization was repeated at regular intervals to continue the suppression of tumor growth. Half of the patients received more than 4 courses of treatment and as many as 15 courses were given to 1 patient.
Using such a regimen, objective response rate in serum ␣-fetoprotein level was 72% and in tumor size 39%. The lower response rate in tumor size may be attributed to the persistent Lipiodol staining in areas of the tumor that might not contain viable cancer cells. This benefit of tumor suppression was not offset by the adverse effect on the function of the normal liver. Although there were more deaths attributed to liver failure in patients who received chemoembolization, this might reflect partly the natural course of the underlying liver disease when death caused by tumor progression has been effectively delayed with chemoembolization. On the other hand, for untreated patients with advanced tumor, tumor progression was recognized as the cause of death even though features of liver failure were usually present. In any case, the adverse effect on liver function was not observed in the survivors. With a significantly longer survival in patients who received chemoembolization, the liver function of survivors was at least no worse than that of the control group. In addition, there was no significant increase in the need for hospital admission for adverse events. The 2-year survival rate was increased to 31% and this was consistent with our previous experience. 13 The prognosis of hepatocellular carcinoma is correlated with factors related to the extent of tumor and hepatic function. 24, [29] [30] [31] In our study, all the prognostic factors for survival were related to tumor growth and none was related to liver function, because patients with decompensated cirrhosis were excluded. To further improve the results of Lipiodol chemoembolization, we stratified the patients according to the baseline prognostic variables. The survival benefit of treatment was maintained in all the subgroups except those with large tumors or unilobal portal vein obstruction. However, it is important to note that the comparison of survival between the treatment and control group after stratification may result in a loss of statistical power. Chemoembolization improved the median survival of patients with tumors larger than 5 cm from 5.3 months to 11.2 months, although the difference was not statistically significant (P ϭ .115). There were only 21 patients with unilobar portal vein obstruction, and it would be difficult to show a significant survival benefit with chemoembolization in this subgroup of patients. Nevertheless, the presence of unilobar portal vein obstruction has remained with chemoembolization treatment as the 2 independent prognostic factors in the multivariate Cox model. The presence of unilobar portal vein obstruction increased the risk of death by almost 3 times and the median survival with and without chemoembolization was only 5.1 months and 2.6 months, respectively. Because the dismal prognosis is not significantly improved by chemoembolization, it may not be appropriate to recommend this form of treatment for this subgroup of patients.
In conclusion, transarterial Lipiodol chemoembolization using the present regimen prolongs the survival of a selected group of Asian patients with unresectable hepatocellular carcinoma and is an effective palliative treatment option. Whether non-Asian patients with this disease condition will benefit from a similar regimen or other regimens of chemoembolization remains to be determined by further randomized controlled trials.
